transfer calculations. The calculation also reproduces in detail the dependence of ejectile velocities on the ejectile mass and charge.
The dynamics of the quasi-elastic transfer of large numbers of nucleons from a heavy ion projectile to a target nucleus at energies above the Coulomb barrier are still poorly understood. Various observable features of these reactions have been separately modelled, but a consistent, unified picture has not yet emerged. For instance, Wilczynski et al. [1] and Abul-Magd [2] have analyzed cross sections and angular momentum transfers, using models in which there is strong spatial overlap between the colliding nuclei. Udagawa et al. [3] made exact finite range DWBA calculations for the reaction 181 ra(l 4 N, 4 He) 191 Pt and concluded that the collisions responsible for the 4 He production were centered around a radius that was about 2 fm smaller than the sum of the 14 N and 181 ra radii.
Friedman [4] used approximate wavefunctions and spectroscopic factors to calculate the probability that a projectile breaks into an observed fragment and a residue that might be captured or that might escape. The projectile breakup probability is highest when the observed fragment is formed in contact with the target nucleus. In this model, the spatial overlap between projectile and target nucleus increases as the ejectile mass decreases.
,I
-2-On the other hand, Siemens et al. [5] deduced from a calculation of Q-values for transfer reactions near the Coulomb barrier that the reactions were purely peripheral. Brink [6] similarly assumed that the transfer of a small number of nucleons takes place in peripheral collisions. His linear and angular momentum-matching hypotheses are thought to explain why ejectiles resulting from small mass transfers retain nearly the projectile velocity, as observed in many experiments. However, approximations in the Brink model restrict its application to systems in which the projectile mass and the mass of the transferred nucleons are much smaller than the target mass. Moreover, the incident energy must be high enough that the ejectiles emerge near 0° in the lab.
We present here a semiclassical nonrelativistic calculation of ejectile energies and the angular momentum transferred to the target in heavy-ion stripping reactions. It is based on the momentum-matching conditions of Brink [6] but assumes a geometry of overlapping nuclei similar to that of Abul-Magd [2] . The calculation treats all of the reaction kinematics exactly and can be applied to all projectile-stripping reactions at energies above the Coulomb barrier. . ~ while the target has recoiled with veloc1ty v 2 . The initial trajectory is such that at closest approach the projectile overlaps the target by an amount h, as shown in fig. 1 . The spherical cap of height h (shown shaded in fig. 1) forms the cluster that will be transferred to the target. Thus the impact -3-parameter determines the mass of the transferred cluster. (The geometry is approximate, in that the cap's bottom has a flat surface, rather than the curvature of the target.) In the second stage, the projectile scatters into an angle 0 3 = 0 1 + 0 5 , and the cluster Ac is transferred to the target. According to Brink's hypotheses [6] , the total linear momentum of the cluster is conserved, and its angular momentum ~2 around the target balances the dinuclear system's orbital angular momentum, so the total angular momentum normal to the reaction plane is also conserved. In the third stage, the ejectile A 3 is accelerated away from the target along a new Coulomb The dashed lines in fig. 3 show the calculated angular momentum transfer when the overlap is eliminated. These values correspond to peripheral transfers. In this case the transferred angular momenta are systematically too high, especially for the larger mass transfers. This reinforces our hypothesis that the more massive transfers occur at smaller impact parameters. We note that the Z = 8 channel shows a singularly poor agreement. This is probably due to a significant contribution from the + a breakup reaction in which little or no transfer of angular momentum is to be expected.
In this model, the geometrical overlap associated with a given mass transfer is assumed to be independent of projectile velocity. It follows that the angular momentum transferred in a given mass transfer will increase indefinitely with projectile velocity. If, however, the angular momentum transfer is limited by some critical value [1] , the reaction to a two-body final state will either disappear at some projectile velocity or continue to higher velocities, perhaps with reduced probability, by exploiting partial waves smaller than those required by the overlap. In this latter case, there would presumably be an increased probability that the ejectile would be broken up during its passage through the edge of the target nucleus [4] . Brink [6] correspond to the calculation for zero overlap.) The angular momentum transferred to the target in such reactions also depends on whether the nuclei overlap~ we again find the data to be better explained by the overlap picture. We conclude that the momentum-matching hypothesis of Brink [6] is indeed a good explanation of the reaction dynamics, but that transfer reactions are not strictly peripheral.
-8-Rather, the mass transfer appears to vary with impact parameter in the manner of Fig. 1 . This accounts in a natual way for both the early deduction that few-nucleon transfer is a peripheral process, and the later evidence that massive transfer resembles incomplete fusion. It also makes a smooth connection with the abrasion and fireball models [10] 
